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Reference: XR LL0O/35

i SUMUARY

The physical properties of ammoniwn nitrate are discussed from the point
of view of its use as an oxidant in composite propellants. Some discrepancics
in thc literaturc arc pointed out and an attempt is made to explain them,

The maximum specific impulse obtainable with a simplc ammonium nitrate/
fuel mixturc is about 223 scc. The advantage of using oxygeneted fucls is
calculatcd for cascs where, because of rheological considcrations, morc than
5 or 6 per cent. of fucl must bc uscd.

8light caking of ammonium nitratc may occur at rclative humiditics less
than thc theorctical valuc for watcr absorption and it is suggestcd that this
may be duc cither to occluded moisture or to wclding betwcen crystals in con-
tact. Gross pick-up of moisturc occurs at rclative humidities above about
50 per cent, so that control of humidity during the mamufacture and filling of
composite propecllants containing nmmonium nitratc is cssential,

The effcet of potassium nitratc on the 32,1°C. transition, and the possi-
bility of thc rate of transition being affeccted by moisturc content, is dis-
cussed.

It is suggestcd that uncertainty rcgarding the thermal stability and
corrosive propertics of ammonium nitratc may be duc to work carried out with
impurc salt, prnrticularly salt contnining occludcd nitric acid,

The hazords involved in using ammonium nitratc and precautions to be

adoptcd arc bricfly discussed,

2e TTTYRODUCT ION

In rccent times, both here and irn the United States, an ever-incrcasing
amount of attcntion has bcen dircctcd towards the possibility of using ammonium
nitratc as thc oxidant in various typcs of compositec propellant, Plant alrcady
cxists in U, K. (unlikc ammonium perchlorate) for the manufacturc of ammonium
nitrate from synthetic ammonin, lnrgc quantitics being mndc anmually. Its
pricc is 24 or 3d ~ 1lb, compnr: 7 with nbout two shillings o 1b, for importcd
~mmonium perchloratc.

Ammonium nitrntc has other ndvantoges over nltocrnative oxidants. Tt
appecars to be the only onc which off'crs the possibility of a complctely smokc-
less propecllont ~nd, although encrgcticnlly inferior to perchlorntes, its pcr=-
formnnee is better than sodium nitrate which is its only rival in chcapness nnd
nvnilebility,

During the lnst couple of ycnrs cspeeinlly, therefore, the Explosives
Rescnrch and Development Estnblishment has attempted to utilise nmmonium nitrnte
as nn oxidnnt in plnastic propecllants and has sponsored an extra-mural rescarch
contranct with Mcssrs. Monsanto Chemicals Ltd,, for the deveclopment of o rubbery
typc of compositc propellant contnining the salt, In addition. the "presscd
charge" propcllant compositions of Mcssrs, I.C.I., Ltd., contain npprccinble
quantitics of ammonium nitrante and preliminary work is in progress in E.R.D.E,
on similar mnterinls consisting nlmost entirely of ammonium nitrnte. In the
U.S. nmuch work on smmonium nitratc compositc propellants appcars to be going
forwnrd, Both Acrojets and the Jet Propulsion Laboratory have used nmmonium
nitrate nnd mixturcs of ammonium nitrate and ammonium perchloratc as the oxidant

/in
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in curcd rcsin compositions. Phillips Petroleum, Standard 0il, and Thiokol
Corporation arc all working on ammonium nitratc/synthetic rubber propellants
and at Ltlantic Research Corporation the possibility of using amnmonium nitrotc
ns the oxidant in propellants madec by the "Plastisol" process is under invcsti-
gation.

The object of this rcport is to discuss the physical propertics of ~mmonium
nitratc relevant to its usc as nn oxidant in compeositc propcllants. 1t is
intendcd in the near futurc to publish ~ rcport denling with ammonium nitratc
compositc propellants under develQpment ~t E.R.D.E., and also a bibliography on
smmonium nitrate.

De INTERNAL B..LIISTICS

It has scvernal timcs been stoted thot, owing to the cconomic ~dvantnges of
using ammonium nitratc, somc loss in performance,ns compared with perchloratc
propcllants, could bc tolcrated, However, designcrs generally show little
cnthusinsm for n propellant having a specific impulsc %S.I.) lecss then nbout
170 scconds, and almost invariably rnise the rcquiremcnt os timc gocs on.

Thus ns high an S.I, as possiblc should bec nimed nt, and it is worth “hile tc
consider the performance which might theoretically be obtaincd from ammonium
nitrnte compositions,

The maximum S,I. given by any mixture of fucl and oxidant depends upon the
oxygcn balance in rcgard to the formation of water and cnrbon dioxide and
occurs slightly on the fuel-rich sidc of the stoichiometric mixturc (1).

This is shown in Fig,l, in which theorctical valucs for the 5,1, of various
mixtures of amronium nitrate and polyisobutenc are plotted ngninst thc pio=
portion of fuel used, This mixture has becn choscn for its simplicity; it

is not a practical propcllant, lacking n combustion catalyst. On thc fucl-
rich side of stoichiometric the fall off of S.I. with incrcascd fucl contcnt is
less markcd, owing to the formation of mcthanc and ammonin at low combustion
temperatures, Thc corresponding curve for amronium perchloratc/polyisobutenc
mixtures is included in Fig,l for comparison,

The 'dccomposition cquatiovns' and the ‘available oxygen per unit weight!
for thrce common oxidants src as follows:=

NHaﬂOB -3 N2 + A0 + O, 0.200 g, 0/g, oxidnnt
NH,C10, =2#Np + HC1l + 3/2 H)0 + 5/2 0,0.341 g. 0/g. oxidnnt

K010, = X1 + 4O, 0.464 g. 0/g. oxidant.

The effeet of thc comparntively low oxygen contcnt of nmonium nitr-tc on
the proportions of fucl nand oxidant requircd to give n balnnccd mixturc is
shown in Trblc 1 for thrce possible fucls, chosen to givc a rangec of degrecs
of oxygenation in the fuel, The first is a linear hydrocarbon polymer
( -CH, - )n: such as polyisobutenc or polythene; the second a highly oxyecen-
ated p?lymer, CHl.S 00.%, such as polymethyl acrylatc or polyvinyl acctate;
the third is intcrinedidfe in degrce of oxygenation, the polyester from propylcnc
glycol and sebacic acid, CH; 7 Op, 3, being chosen as an exanmple,

/Table 1
- D =
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TABLE 1

Stoichiometric Mixtures with Various Oxidants and Fuels

i Oxidant __%;;;n- Stoichiometric Mixture
: ___u‘__;__ 7% Oxidant % Fuel Ratio Oxidant:Fuel
NHA05 | CHp | 9.5 5.5 : 17 i
e ; i 11. ;
: ' ' i
! i CH) 5 Og,5 | 89.4 | 0.7 i 8.3 :
i ; ! ]‘ z |
: NH,Cl0, . CH, ! 91.0 P %l 10,1 |
' i : i
l GH, 7 %5 | 86.6 13 ! 6.5 !
1 1 '
CHy 5 Opg,5 | 83,1 i 16.9 49 |
KC10, CH,, | 88,2 1.8 | 745
By o O3 82.7 17.3 | 4.8
CHl‘B 09,5 78.L 21.6 3.6

The fact that larger quantities of ammonium nitrate are requirecd tou give
balanced mixturcs is a considerablc disadvantage since rheological considera=-
tions arc just as vital as ballistics. For plastic and clastic types of
propellant, the dcsired degree of plasticity or clasticity can only be cbtained
up to a certain salt content,

In addition to oxygen balance, the S.I. of a propellant depends upon the
heats of formation of its constitucnts and the heats of formation, molccular
wcights and spccific heats of the combustion products. The overall cffcet of
these factors on 5.1, is shown in Table 2 in which the S.I.s of stoichiometric
mirturcs of ammonium nitratec and varicus fucls arc compared with the S.I.s of
stoichiometric mixtures of amuounium perchlorate and the samc fucls, Ammonium
nitratc gives rise to specific impulses about 10 per cent, lower than those
obtainable with ammonium pcrchlorate and thc combustion chamber tcmperaturcs,
at a pressurc of 1000 p.s.i., arc about 1000°C, lower,

/Teble 2

..3.-
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TABLE 2

Specific Impulscs and Combustion Tempcraturc for
Oxidant/Fucl Mixturcs in Stoichiomctric Proportions

| Oxidant l .Fuel o = o - S. I, B8sec.
i s .-4+--__m__:J-J__.___-q-______
!M{lyo} . CHp ! 2060 | 22 ;
| t i | !
! i CHy,7 %0.3 | 1970 i 218 |
I
: | 08y ¢ O L 2070 220 :
: ' : :
NH),C10, | CH, 1 3030 245 :
| | 1
| CH; 5 Og,5 i 2930 2368
Note: The combustion chamber temperaturcs and spceifiic

impulsc werc calculatcd by thc mcthod dcscribed by Pike (2),
heats of combustion of thc polymcr fucls becing obtaincd by

the mcthod of Kharasch (3) for thc monomcr and corrccted for
heats of polymcrization, Comparison between calculntcd and
cxperimentnl values for polystyrcnc and polyisoprenc justificd
this proccdure,

The effect of the degrec of oxygenation of the fucl on the S.I. over o
rangc of fuel contcnts is shown in Fig.2. Curves for the snme three fucls
ai; previously considercd arc given ond nlso n curvc for ammonium nitrnte/
polyvinyl nlcohol mixtures. Amronium perchlornte/polyisobutenc is included
for purposes of comprrison. It cnan be scen that these curves hnave different
slopes, indicating that the relative effect of the fucl varics with the fucl
content,

There is, at present, no method of enlculnting rntes of burning from the
thermodynamic propertics of 2 -propellant, but low enlorimetric levels and low
combustion chamber temperaturcs usually imply low ratcs of burning. Ammoniun
nitratc is no exception to this, sincc almost nll thc measurcd burning ratcs of
propellants containing the salt as sole oxidant fall within the ronze 0,05 to
0.3 inch/scc, nt 1000 p.s.i. Unless the rangc can be cxtended, the low burning
ratcs nust severely restrict the application of ammonium nitratc propellants,

Ammonium nitrate/fucl mixtures cannot bc ignitcd without the aid of o entn-
lyst for promoting thcrmal decomposition, A large number of such materinls arc
mentioned in the literature, c.g. chromium scsquioxide and nitrate, ammonium
and potassium dichromate, magoesium oxide, enleium oxide, fcrric oxidc, niclel
oxide, ammonium chloride, cobnlt powdcr and Prussinn Bluc. Therc is disngroc-—
ment over the cffectivencss of some of these materinls, probnbly becrusc of
differcnt experimental methods of assessment and beeause in somc cnscs the mix-
turcs containcd ingrecdicents other than ammonium nitrate and fucl, There is no
deubt, however, that ammonium and potassium dichromntcs nrc pnrticulerly cifcct-
ive, At E.R.D.E. it has been found that chromium scsquioxidec and vanndium

-l - /puntoxidu
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pentoxide arc very active catalysts. Prussian Blue and asbestos powder have
somc catalytic action, but mngnesium oxide, mangencsc dioxide, cobalt powder and
certain other 'entalysts'! mentioncd in the literature werc found to bec without
cffoct upon simple nitrate/fucl mixturcs,

L, CAKING .ND HYGROSCOPICITY

Ammonium nitratc is decliquescent in moist air, sccording to Lowr, (4},
the vnpour pressurc of n saturatcd aqueous solution is 9,3 mm,Hg, ~t 20°C, nnd
11,6 mm, at 25°C,, corrcsponding to rclative humiditics of 66 per cent, ~nd
61 per cent, respectively,

Despite the theorcticrnl figures, C.G, Lawson has quoted (5) the Nationol
Pireworks Corp. of Ameriea os stating thnat ~mnonium nitrate will pick up trnces
of moisture at humidities grenter than 26 per ccnt. and from this he infcers
that certain types of propcllant containing ~mmonium nitrante may have to be pro-
cessecd at such low humiditics,

Experiments have been corricd »ut at E.R.D.E. to check this statement,
Scemples of amronium nitrate and of mixed crystals of ammonium nitrate with
10 per cent, of potassium nitrate were dried at 60°C, for 2 hours and storcd
for several days at a series of controlled rclativc humidities, obtnined with
various saturated salt solutions. No stringent temperature control was uscd,
but the laboratury temperature did not vary more than two or threce degreas fron
23°C. The samplcs, after drying, werc free flowing, the ammonium nitrate
being about 4O mesh and thc mixed crystals about 100 mesh, They were wcighed
cach day and obscrvations made un the degree of caking. Each samplc wecighcd
5 g. and weighings werc carricd out to 0,0001 g., sc that an cbsorption of sbout
0,002 per cent. should have bcen detected. The following results were
obtained:~-

TABLE 3

Absorption of Moisturc by immonium Nitrate ond Mixed Crystals

Relative ﬁﬁﬁi&iﬁ;:_ Time of Storage, 7% Noisture Absorption
& B . day%__ liixed Crystnls_-_?mmwnium Nitratc |
20 5 i nil nil
Ly 5 nil nil
L7 5 nil nil
51 5 nil nil
52 5 0.02 . 0. 02
58 5 0. Q45 0, 02
66 L 0. 88 0.20
75 5 10.0 4.8
/It
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Tt can be seen that there was a small absorption of moisture at humiditics
rather lower than the theorectical value. On the other hand, absorption could
not be detected at relative humidities much greater than the 26 per cent,
rcferred to above,

In no casc did samples rcmain complctely f'ree—flowing throughout the
cxperiment, although the dogrec of caking obtained at 20 per ccnt. relative
humidity was very small indecd, only a few crystals becoming looscly aggre=
gated.

From Ll to 51 per cent, R.H, caking was distinct, tut gontlc tapping with
the finger on the side of the glass containcr was suftr'icicnt complctely to
break up the aggrogates. Rather more vigorous tapping was rcquircd with the
somplcs at 52 and 58 per cent, R.H., whilc those kept at 66 and 75 pcr cent,
caked into hard solid masses after onc or two days. 4t the cnd of 6 days, the
mixed crystals kept at 75 per ccnt, R.H. had complectely dissolved.

The caking of crystallinc matcrinls is thought to be duc to surfnce rc-
crystallication, rcsulting in thc formntion of micro-crystalline 'bridgcs' be-
tween the particles which effcctively ccement them togethcer (6). It is rather
difficult to secc why the slight coking nt lower than the critienl iLH, should
occur, unless the erystals, despite the drying proccdurc, still contnined
occluded moisturc which migrantcd to the svrfrce. This is o possible explnna-
tion, although the amount of moisturc must have been minute since no loss in
weight was detccted in our experircnts,

Mr. J.R.C. Duke of E.R.D.E. sugrested that somc degree of welding might
take place between dry crystals in contact; the plastic character of ammonium
nitrate crystals would facilitatec point contacts developing into contrcts be-
tween surfaces. The migration of ions across the intcrfacc might also be
promoted by lattice irregularitics vhich probably cxist in ammonium nitrate
swing to loss of ammonia during the preparation of the crystals.,  Another
factor which may be of importance is thc probable prescnce of small quantitics
of aecid ammonium nitratc (NH@ND}.ZHNO}) which melts nt o low temperature and
might function as a cement. Photomicrographs of slightly caked ammonium
nitrate were meode (Fig.}) and in them flat surfaces in closc contnet can be
scen, but it is impossible to say whether these have resulted from plastic
deformation or salt recrystallisation,

Whetstone (?,8) has shown that caking of armoniun nitrate below the 324,
transition poirt can be prcvented by the use of small quentitics oft certain
dycstuffs, in particular 0.1 per cent, of Acid lingcnta.  The cdditionnl usc
of a surfoce active agent, designatcd 'A.S.2', is snid to extend the temperature
rangc over which the treatment is cffcctive (9). The function of thc dyestulT
is to modify thc habit of the crystal 'bridecs', making them more fragile, s0
that the hardncss of the bulk product remnins low,  Armonium nitrntc trented
with Acid Mrgentr may still cake slishtly, but the ~goregated motcrinl ean be
rendily broken down into discrcte particlcs. This is similar %o the cnking
obscrved with untrented material ot relatively low hundditics, but cven ~t thesc
humiditics it is found thnt with Acié=lacentn-trented mnterinl cokinz is less
npprrent than with untreated salt. This may indicntc thot the mcchrnism of
coking ot low humiditics is the smmc as ~t hivh, but it is nlso possiblc that
the dycstuff forms a barricr to migrntion of ions ncross the interfnen anc 5o
rcduccs welding,

Ansther rethod of preventing coking is to wnterproof the crystnle in some
way; in thc pntent liternture there nrc many cxnmplcs >f this. In gencrel,
these involve conting the particles with ~ watcr-repcllant motcrinl, and o

-

grent varicty of substances have been propascd for this, including pnraffin wnx,

2 2=dinitroproprnc
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2,2-dinitropropane (10), zinc tctrermiro nitrate (11), vegetable oil cake
powder, calcium carbonatc, diatomnccous earth and keolin, The use of zine
tetrarmine nitrate is of intcrest as ~ffording an cxomple c¢f the disegrcecment
often found in the literaturc on nmmonium nitrate, According to the pntent
quotcd, nmmonium nitrntc is trcated with zinc oxide to give n~ product belicved
to be zinc tetrammine nitrate., This prevents eaking when 0,25 to 5 per cent.
is cither ndded with agitation to granulnr ammonium nitrntc or produccd in
situ on thc nitrnte. “hetstone (8), on thc other hnnd, quotcs zinc tctrammine
nitrate as n chemicnl which incrcnscs the ratc of watcr nbsorption by ~mmonium
nitrate.

A spccific conting mcthod is the treatment of the crystnls with 1 per cent,
of methyltrichlorosilane, then heating to drive off hydrogen chloridc, lcaving
a wnter=-repellant costing of o silicone. This proccss has becn tricd by
licssrs, lionsnnto Chemicals, Ltd,, who find that thc trcnted salt does not cake
hrard when kept in partly filled bottles under normnl stornge conditions; when
sprinkled on wnter it floats for a~n npprcecicblc timec before dissolving,

Yet another mcthod of preventing, or hclping to prevent, the cnking of
ammonium nitrate is to nlter thc shnpe of the particles, either by modification
of thc crystal hnbit or by the formntion of smnll spherical particles or aggre-
grtcs. The crystnl habit coan be modificd by crystallising ir the presence of
various forcign mrnterinls, and Zabolotskii (12) lists n~ number of ions which,
in concentrations of 0.05 to 0,1 mol,/litre, cousc the salt to crystallise in an
cquant rathce than an acicular form, Acicular crystals arc, however, only
obtrincd by crystallisation at comparatively low tcmperaturcs and the normal
comrercinl mnotecrinl is in the form of small equant crystols obtnined by vacuum
crystnllisation at n comprrativcly high temperature (1600 or 17¢cc. ). The
equant shnpc is retainced ot ambicnt temperatures despitc passage through the
transition point and caling is lcss with this material than with acicular
crystels owing ic the smaller cxtent of surfrce contact. Other commercinl
methods of preparation, which arc cspecially in favour in countrics where ammenium
nitrate is uscd as a fertilizer, nrc the 'graining! and 'prilling' proccsses
(13, 14, 15}, which also give sphericnl prrticles or aggregntcs, although thesc
rrc mach larger than the usunl crystalliscd mntcorinl. In thc former process
the solution is concentr-tcd to 98 per cent. nnd then cocled irith continuous
stirring, whilst in thc latter proccss 98 per cent. solution is spraycd dovm o
towcr agninst n counter-current of anir at o lovier temperature,

The grnining nnd prilling proccsscs nrc usunlly cnrricd out in order to
producc rather lnrge grrnules, cbout 1/32 inch to 5/32 inch in dirmeter, for
ngriculturnl purposcs nnd high closives mnnufncture, Very mach smnllcer
particles a~rc often rcquired for propellant manuf~cturc, but it should not be
impossible to modif'y the processes described so ns to producce the required size
(c.g. in the prilling process nn atorising spray might bc uscd), If the
particle sizc of thc product could be controlled closcly cnough, it should be
possiblc to obtrin the salt in the form of very smnll prrticles vhich would re-
quire no further milling or grinding before usc in compositc propellnnt.

This would be o considernblc ndvontage, since milling of ammonium nitrate to a
smnller specific surface than nbout 2,000 cm. ~+ has proved rather difficult,
perhops owing to the plastic nnturc of the snlt causing rapid crystnl aggrege-
tion,

There nppears to be disagreement over the cxtent to which ammonium nitrate
con be dricd.  According to Early and Lowry (16), moisture is retnined even
when drnstic drying methods nrc uscd ond liellor (17) xcefers to work in which
drying over phosphorus pentoxide gave » moisture content of "less than O.1 per
ccnt." but wns nccompanicd by decomposition, as cvidenccd by n smell of
nitrogen oxides, lellor nlso quotecs ~n experiment in which ammonium nitrate
was hented ot 100°C, in one limb of an invertcd U-tube, thc other being cooled
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to ~-80°C, ater was continuously collectcd in the cooled limb but the moisture
content of the salt remained unchanced, demonstrating a decomposition with
production of water. On the ‘other hand, expcriments have been quoted (18)

in which mixcd crystals of ammonium ané potassium nitrates (rcputcd by various
nuthors to be morc difficult to dry than pure ammonium nitratc) werc dricd to

a 0,02 per cent. moisturc content over PpOg, and C.G. Lawson (5, 19) rcports
that Fhillips Petroleum Company dry amronium nitrate to a 0.05 per cent,
moisturc content and that other users in America work to 0.003 per cent, as
determined by Fischer titration, At E.R.D.E. it.has bcen observcd thnt dry-
ing at 60°C, or 80°C. in an oven produccs somc slight decomposition or sublira=
tion (a whitc deposit was noticed). 4 sample vhich was heated at 60°C, and
weighed at intervals showed.a loss of 0,001 per cent. per day after 5 wviecks
heating. There is cvidence that thc cxtent to which ammoniun nitrate, or
amronium potassium nitratc, can be dried depends upon the degree of purity of
tnc salt (second report of this scrics - in prcparntion).

The question of the dryncss of ammonium nitrate used in conmposite proncll-
ants is of considerable importance since the physical, and perheps nlso the
ballistic, propertics of some types of composite propcllant may depend merkcdly
upon the moisturc content, * Thus, with plastic propcllant containing armenium
nitrate thc prescnce of morc than cbout 0.2 per cent., of roisture hns n very
deleterious cffcet on the physical propertics; in the cormplctc nbscncc of
moisturc the processcd mrterinl is crumbly.

There nrc indications thnt the strength of ccrtnin types of "pressed charsze"
is increascd by thc presence of small nmounts of moisturc. As will be dis-
cussed later, there is cvidence that the specds of crystnl traditions,
particularly those in armonium/potnssiun nitrate, nrc considernbly ~ffccted by
moisture, ~nd this factor, too, mny altcr the physicnl and rheologicnl propertics
of the propecllant.

Tt is thus clenr that in the mnnufacturc of srronium nitrate composite
propellants the rclative humidity will have to bc controlled ~t less than 60 per
cent, ~nd thnt some form of water-proofing of the crystnls or nnti-cnking trent-
ment may be required. Whntever the degree of drying obtnincd or the humidity
control found nccessary, it will be esscntinl for rocket motors containing these
propellants to be earcfully and thoroughly sealed agninst ingress of moisture,

Y THERIAL STABILITY, CORROSION, AND H..Z/ARDS

Another point on which there is vnriancc in the literaturc is the ef'fecet of
small quantities of impurities on the thermnl stebility of amronium nitrnte,
For instance. sore authors claim that small quantities of urea stabilise the
material (205 while others have been unable to confirm this (21). But therc is
no doubt that a number of substances, particularly chlorides and cellulosic material
in general (e.g. wood meal) and starch, scnsitise the decomposition, In their
presence, carbon dioxide and nitrogen are evolved at comparatively low tenpera-
tures, whercas the purc dry salt can bc heated at 100°C, for a long %time without
appreciable decomposition (22).

Aqueous solutions of ammeonium nitrate readily cvolve ammonia vhen heated
and beeame progressively more acidic so that the solid metericl obtaincd by
cvaporation will contain an excess of nitric acid. It is probeble that therm-l
stability, sensitivity to forcign materinls and corrosive propertics all depend
$o sore cxtent upon the rcidity of the particular snmplc of snlt cxamined ~nd
this mny nccount ‘for somc of the widely divergent obsecrvations.

According to Scott nnd Grant (23), fuscd prmmonium nitratc will renet with
copper, ~luminium, tin, lend, antimony, bismuth, nickel, silver and crdmium,
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but Hodgkinson and Coote (24) state that aluminium is not attackcd and

Emmct (25) that tin is not attnc ed. Thorpe's "Dictionary of Applied Chemistry"
stntes that ammonium nitratc will renct with tin under certnin conditions to
form basic¢ nitrates which ~rc sensitive to hent and shock (ef: next varagraph).

There is disagrecment sbout some of the corrosi.c propertics of nrqueous
solutions and moist crystnls. .Thus somc obscrvers statc that iron is not
attockcd vhereas according to Romonn (26), ferric nitrate nnd nitritc are
formed. Copper, codmium, zinc, mngncsium and lead arc ~ll snid to be attocked
by moist crystnls, In thc cnsc of copper, and r~lloys contoining copper, therc
is no doubt that thcrc is nttnck cven by fairly dry smmonium nitrate at normel
tcmperatures, ~ bright greenish-bluc dcrosit being formed on the surfncc of the
metnl. Bassctt nnd Durrant (27) statc that the presence of oxygen is ncccss-
ary for this to hnappen and thnat the products arc mainly bluc cupric tetromminc
nitratec, green basic nitrnte, nnd some nitrite and tetramminc nitrite, The
tetrrmmine nitrate and nitrite ~rc snid to bec comparntively sensitive cxplosives,
This corrosion of coppecr and copper alloys is of importance to thc propellant
monufrcturer since it rulcs out the usc of the bronzes which, owing to the spnrk
hazard with stecl, nrc his trnditional mnteri~ls for plant construction.

With rcgnrd to the hazard of handling ~mmonium nitrntc aond propcllants in
which it is n constitucnt, it would nppear from the mnss of information on the
subjcct, that with the pure commercinl snlt there is no danger of cxplosion,
cither by heat or mcchanicnl shock, in thc absencc of confinement,  Detonntion
hns not been obtnined with the friction pendulunm test up to 18C°C, ~nd henting
the salt t- 10000/1500°C, by an clectric arc between clectrodes mnde of
ammenium nitrate, merely crused fusion and violent boiling (28), Under con-
finemcnt, thc application cf heat to the salt has been snid to preducce cxplosions
a2t ~ temperaturc of 250°C, , but the cdegrcc of confincment is probably of import-
ance amd there is no cvidence whether or not localised heating in a confincd mass
would give risc ty a proprgating detonntion (29). There is mnrked disagrecrent
ovcer the tendency for pure ammonium nitrnte under confinement to propagnte dctonn-
tion when initiated by nn explusive charge. Again, the degree of confincement
and alsa the sizc of choarge and porticle size of the salts are of impurtance.
Experiments corricd out ot E.R.D.E. show that no propag~tion cccurs with light
confincment, as obtaining with glass or thin-wallcd metal tubing, but propagrtion
of detonntion in commercinlly pure INH,NO= wins ubtained in mild stccl tubcs,

1% inch diameter and 3/16 inch woll thickncss,

Mixcd with fucls or with mrterinls vhich catnlyse its thermnl decomposition,
detonation of ammonium nitr~tc will take ploic much mure rendily.  The dis-
nstrous cxplosions on rccord hove almost all occurrcé with impurc am oniun :
nitratc. The salt mixed with ~ fow per cent, of petroleum jelly hns been knom
to detonnte on lheating under n degrece of confincment insufficient Tor detonntion
of the purc substance. Cook and Talbot (3) hove pointed ocut that mixturcs of
armmonium nitratec with pctrolatum or parnffin wax show moximum scnsitivity ot
between 0,75 andl 1,5 per cent.  of the hydrocarbon, The 1lattcr is thought to
sensitisc thc decomposition by ncting ~s n Tucl nand to descnsitisc it by ncting
ns a lubricant or buffer between the crystnls, The 'fucl' effect nlonc would
give ~ poxinum sonsitivity nt oxygen balance (5.4 oer ccnt.), but the 'lubtrico=-
tion' factor, increasing with hydrocarbon content, cruses the maxirum to occur
at a much lower figure. The samc authors stress the sensitising cffcet of
bagging paper or cellulosc, LArroniun nitrate/hydrocnrbon mixtures normally
explode in the¢ region of 270° to 350°%C.,, but in the prescncc of cellulosc the
cxplosisn tempernture mny be lowercd ta2 150°C,

Despite the increnscd scnsitivity obtained by mixing armonium nitratc with
o fuel, such mixtures are relatively insensitive comprred with, sny ~rmonium
perchlornte/fucl compositions, and will not cxplode vhen subjected to the usunl
inprct, friction, flame, spark and shock tcsts at ordinary tcrperaturcs,
It is, of course., necessary %o cnsure froedom from conteaminatisn by »il, greasc,
cellulosic mnterinl and other organic matter during salt processing (e.g.,

/grinding
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grinding and drying), andt it is nlso cssentinl to test all proposed propellent
ingredicnts for their effcct on thermnl decompositicn before nttempting to usc
thom. Provided these preenutions are token, mamufncturing orocesscs in vhich
there is no clement of confincment (c.g., mixing and rolling) probrbly involve
only n firc risk nt worst, Under confincment, ns in chorgc pressing, there
is a smnll but definite cxplosion hazard, and the usunl precoutions, such ns
remote control speration from bechind adequate screcns, arc cnllcd for,

6, CRYSTAL TRANSITIONS \

Armonium nitrate undergoes a nuibcr 3f crystnl transitions vhich cnn be
represcnted: '

169, 6°C, 125.2% , 8..2%, %2196, -18°¢,
NH,NO3 . I-NH,NOz = II-MHNO3 = III-NH,NO3 = IV-NH NO3 = V-NH,NO3

liquid cubic tetragonnl  monoclinic rhombic tetrngonnl

The most important of these fror the point of view of propellant monu=
facture is the 32,1°C, transition, but the =18°C. transition will nalso be of
importance in propellants expccted to Tunction over ~ wicde tcmperature rnnge.
The 32,19G, tronsition is accorpnnied by a lorge change in density, from
1.65 at 32°C. for III-NH,HO3 to 1.72 at 329C, for IV-NH)NO3, corresponding to
nn cxpansion on hcating of 8.0225 ml./g. With certain typud of compositc prop=
cllant the change would be cxpected to produce o very ndverse cffect on
physiesl properties, On thc other hnnd, ~ rubbery matrix might be nblc to
accormodate volume chmnges in the filler without morked cffect,

According to Allmand(31), the 32°%C. transition cnn be depressed by using
mixed crystnls of armonium nitrate with 9 per cent. of potassium nitrnte,
Allmend's method (32) wos to cvoporate o solution of the two s~lts to dryncss
nt tempcraturcs nbove 95°C,., but, nccording to Mcssrs, I.C,I. Ltd, (33), the
tronsition enn be suppresscé much rnwre simply by merely henting ~n intimnte
mixturc of the two salts toscther at ~ny tempcroturc between 32°C, ~nd 100°C,
for n time depending upon the temperaturc, the degree of subdivision, the
intimncy of admixturc ~n’l the moisturc content. It has been shown at I.R.D.E.
that the moisturc content is all-important anl that transformation into mixcd
crystals having thc ITI-form can takc nlacc at temperatures below 32°¢,

Thus, an intimate mixturc of the thoroughly dried salts was hcated at 60°C;
samples wecre withdrawvm pcriodieally, cooled to room temperature, and examined
by X-roy powdcr photography. 1o change of crystal habit was detccted after
heating for 3C0 hours, The same crystal mixturc was then allowed to take up
0.1 per cent. of moisture in o constant humidity enclosure at 25°C, Exam-
inatiosn by X-ray, powder photography showed that this was sufficient to give
rise to almost complcte transformatisn into the IV form,

Roffey ot al. (34) state that a solid s>lution is preferable but not
essential, the transiti.n temperature being lowered merely by using an intimate
mixture of the two salts, They also state that the mixtures arc more diffi-
cult to dry than nmmonium nitrate nlone, but that this can bc achicved by
alternately heating to 100°C, anl erinding cold. Aceording to the I.C.I1,
patent (33) this shoulld transform the mixturc into » solid solution, The samc
workers also found that the transition wos affected by moisture and recommended
that the nixed szalts be dried tu less than 1 per cent. moisture content.

The offect of moisturc on the transitions of mixed crystals has been noted
by others and some interosting comments are made in 0.8.R.D. Report 1577 (18).
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The work of Campbcll is quotcd who found that a scmple of mixed crystals con-
toining 1.7 per cent. of wntcr underwent tronsition nficr 1 weck nt JOC., but
that n dry smmplc rcimmined unchonged nfter 1 weck ot -1000., nndd was cooled in
steps to =52°C, beforc transformntion cventunlly took plnce. Suspension of
thc 32°C, traonsition hns nlso becn observed in purc dry ammonium nitrote, de-
pending on thc rntc of heating or cooling (13).

The dependence of the rnte of transition of mixed crystrls on moisturc
content is of comsicernble importance since, if the cffcet really is consider-
able, the cracking of n composite propcllant containing ~mmonium nnd potassium
nitrates would depend upon the emount of wnter - i,c. upon the efficicncy with
which thc rocket motor is seanled. It is therefore conceivnble thnt in such
cases faulty scaling might have scrious conscgquenccs, coven resulting in an
explusion of the rocket on ignition,

Jaenecke, Hoamacher and Rahlfs (35) have given = cormplete phase Aingram for
the system KNO5/NHLN03. According tc this, o~ 9 or 10 per cent, solid scluticn
of potassium nitratc in ammcnium nitrate becomes a two-phase system at about
18°C, consisting of solid solutions of potassium nitratc in both IV - NH), NO3
and ITI - NH) NO=z. The phase dingram shows that potassium nitratc depresses
the initinl transition temperature only slightly, to sbout 18°C,, but that the
transition is spread over a range of temperaturcs and is not complectc above
about =16°C, - Furthermore, nlthough no density figures nrc given, it is
probable that the transition between the solutions invelves a smaller Censity
change than the transition between purc IV - NH)NOz anl ITT - N NOs,

Allmond (36) Getermined the cffcct of incrensing quantitics of potaSsium
nitrate on thc 32°C, tronsition of crmonium nitrote and cvidently obtained
inconsistent rcsults since he quotes the inversion tcmperaturc with 10 per cent,
potassium nitrate as being "7 & 5°C., ?7?", The action of potassium nitrate in

' spreading out' thc transition, as revealc? in Jacnccke's paper, mey cxplain
this.

7o PLASTICITY OF CRYSTALS: DINSITY

Ammonium nitrate crystnls (form.IV) arc much morc flcxiblc then thosc of
most inorganic salts, and large crystals cxhibit quitc romnrkable plasticity;
~ crystnl of dimensions 1/2 x 1/32 x 1/32 inch cnn bc bent botween the fingers
into n circle without sign of fracture., This flexibility mny prcvent cxecessive
breakiovm of the crystals uring rolling processcs, as usct in prepnring plnstic
propcllants anc the type of clastic propcllent under investigntion by licssrs,
Monsonto, From the point of vi-w of ballistic control this is an advantnage
since the pnrticle size of the oxidant usually hns n consifer-~ble ceffcct on the
rote of burning and other ballistic chrrrcteristics of the propellant; cxccss-
ive,crystal brenkdovn during monufrcturc makes it difficult to obtain closc
control over the final particle size, '

It hns nlrendy been mentioned that, with certnin types of compasite
propellant, the propsrtions =f oxidant nanl fuel arc governcd primarily by
rheologicnl, not ballistic, consierntions. . In such cases, it is the wvclume
of so0lids and not their weight which is of importancec, s> that with ammonium
nitrate (dcnsity L 25 g/ml.) a smnller weight of oxidant will be required tu
produce a given rheological condition than with ammonium perchlorate (1.954 g/ml.)
or potassium perchlorate (2.521 g/ml,). '

It is evident that as regnrds the proportions of oxidant and fuel in o
propellant, rheoclogical and ballistic requirements are in opposition. It is
therefore considered unlikely that really high performnnce amronium nitratc

‘propellants will be obtninel having elastic or plastic qualities, With the

rigil
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rigid type of composition thcse considerations do not aoply and there appears
to be no reason why S.I.s up to 220 sce, should not be realisable,
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PHOTOMICROGRAPHS (X 60) OF CAKED
AMMONIUM NITRATE PARTICLES. FIG. 3.
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E.R.D.E. Report Armoniun Nitrate as an Oxidant for Corpositc
No. 5/R/5L. Propcllonts: Part 1: Preliminary Considerations,
2.1k, FPrcemon Septs, 195,

The physical propertics of anrmonium nitrntc arc discussed fron
the point of vicw of its usc ns on oxidant in compusite propellaris.
Somc Ciscrcpnneies in the liternturc arc pointcd out and en ~tterpt
is mnGc to explnin thoem,

The maximum specific impulsc obtainahle with o sirplc arronium
nitrate/fucl mixturc is ~lout 223 sec, The ndvontnge of using
oxygennted fuels is enleulnted for enscs whore, becousc of rheological
considerntions, morc than 5 or 6 per cent, of fucl rust be usel,

Slight caking of crmoniunm nitrntc mry occur ot rclative humiditics
less than the theoretical valuc for water nbsorption and it is
suggested that this my be duc cither to occluded moisturc or to weld-
ing between crystnls in contact. Gross pick-up of moyisiure occurs nt
relntive humiditics above about 50 per cent, so that control of hunic-
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E.R.D.E, Report amroniun Nitrate as an Oxidant for Composite
No, 5/R/5k. Propellants: Part 1: Preliminnry Considerations.
2.8 Frceman Scﬁt., 195,

The physical properties of ammonium nitratc arc discusscd fron
the point of view of its usc as ~an oxidant in compositc propcllants,
Somc disercpancics in the literaturc arc pointed out nden ~ttopt
is mndec to explain them,

The maximum specific impulse sbtainnkle wAith simplc srrmoniuwa
nitrate/fucl mixturc is about 223 sce. The ndvrntage of using
oxygenated fucls is cnlculnted for cases where, beenuse of rheologicnl
considerations, morc than 5 or 6 per cent, of fucl rust be uscd,

Slight caking of amronium nitratc mny ocour at relrtive humiditics
less than the thcorcticnl vnaluc for wnter nhsorption ~nd it is
suggesticd that this mny be duc cither to oceludcs moisture or to volle
ing between crystnls in contnct, Gross pick-up of rwisturc occurs nt
relative humiditics nbove chout 50 per cent, so that control of humic-
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ity during the mnu’rcturc and filling of composite propellants con=
trining ammonium nitratc is cssentinl,

The eff'cet of potassium nitrate on the 32,1°C, transition, and
the possibility of' the ratc of transition heing affected by rmoisture
content, is discussed,

It is suggested thot uncertainty rcgarding the therml stobility
nnd corrosivc propertics of ammonium nitrate may be due to work
carricd out with impure salt, onrticularly snlt containing occluded
nitrie ~cid,

The hazards involved in using ammonium nitratc ~nd prceautions to
bte ndoptc? arc bricfly discussed.

Er

ity during thc manufacturc and filling of compositc propcllants con-
trining ammonium nitratc is esscntinl

The cfT'ect of potnssium nitrate on the 32,1°C, transition and
the possibility of the rntc of transition being affccted by moisture
contcnt, is “iscusscd,

It is suggcsted that unccrtninty rcanrding the thermal stability
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